ABSTRACT -The objectives of this study were to evaluate the performance of cultivars, to quantify the variability and to estimate the genetic distances of 66 wine grape accessions in the Grape Germplasm Bank of the EMBRAPA Semi-Arid, in Juazeiro, BA, Brazil, through the characterization of discrete and continuous phenotypic variables. Multivariate statistics, such as, principal components, Tocher's optimization procedure, and the graphic of the distance, were efficient in grouping more similar genotypes, according to their phenotypic characteristics. There was no agreement in the formation of groups between continuous and discrete morpho-agronomic traits, when Tocher's optimization procedure was used. Discrete variables allowed the separation of Vitis vinifera and hybrids in different groups. Significant positive correlations were observed between weight, length and width of bunches, and a negative correlation between titratable acidity and TSS/TTA. The major part (84.12%) of the total variation present in the original data was explained by the four principal components. The results revealed little variability between wine grape accessions in the Grape Germplasm Bank of Embrapa Semi-Arid. Index terms: germplasm, grapevine, grape cultivars, Vitis spp., multivariate analysis.
INTRODUCTION
The wine industry in São Francisco River Valley had a great evolution in the recent years, there are now seven wineries installed and the planted area is greater than 800 ha, which produced in 2007, eight million liters of wine, representing 20% of the national production (SEBRAE, 2007) .
The tropical wines known as sun wine are characterized by young wines, fruity and aromatic, which quality is recognized in international competitions and in the most traditional and demanding markets.
The grape industry in this region has evolved into a narrow genetic base, as there are few cultivars of a single species, Vitis vinifera L.. It is worrying from the point of view of sustainability of the grape and wine industry because they are constantly subjected to a high risk of introducing diseases and pests, for which these cultivars are susceptible, resulting in large losses or even in the destruction of vineyards.
The multivariate techniques in the analysis of quantitative and qualitative characteristics have been applied in viticulture in the evaluation of the diversity of genotypes for resistance to diseases (NASCIMENTO et al., 2006) and for morphological, agronomic and biochemical descriptors (MICHELI et al., 1993; CRAVERO et al., 1994 , MATHEOU et al., 1995a , 1995b BOSELLI et al., 2000; COELHO et al., 2004; BORGES et al., 2008) . The molecular characterization of 81% of the accessions of the Embrapa Semi Arid grapevine germplasma bank was performed by Leão et al. (2009) , using seven microsatellite markers. The allelic profiles were compared with international databases, allowing the identification of many duplicate accessions, synonyms and name errors, generating a robust database for grape cultivars identification. Borges et al. (2008) analyzed a group of table grapes cultivars of the same germplasma bank by principal components and UPGMA.
The objectives of the present work were to evaluate the performance of cultivars, to quantify variability and to estimate their genetic distances, providing subsidies to guide rational management of the Germplasm Bank of Embrapa Semi-Arid and the cultivars use in grape breeding programs
MATERIAL AND METHODS
Sixty six wine grape accessions from the Grape Germplasm Bank of Embrapa Semi-Arid were evaluated (Table 1) The plants were trained in multi-wire vertical trellis and pruned in bilateral cordon. The water was supplied by drip irrigation spaced of 3 x 2m. Average data were obtained from four plants of each accession during the period from 2002 to 2007, which corresponded to four cycles.
Nine morpho-agronomic descriptors of continuous variation and six morpho-agronomic descriptors of discrete variation according to the Ipgri (1997) were evaluated: 1) duration of the phenological cycle (D), measured from the date of pruning to harvest (days), 2) production of bunches per plant (P) -weight of all bunches per plant (kg), 3) number of bunches per plant (BP); 4) mean bunches weight (BW) -total weight of all bunches divided by the total number of bunches per plant (g), 5) bunches length (BL), measured between the top and bottom of the rachis (cm) 6) width of the bunches (WB), measured between both extremity side of the rachis (cm), 7) total soluble solids (TSS), determined from a sample of ten berries per bunch in o Brix; 8) titratable acidity (TTA), determined from a sample of ten berries per bunch in percentage of tartaric acid /100 mL of juice; 9) the total soluble solids (TSS)/total titratable acidity (TTA). Five discrete characteristics were also evaluated: 1) consistency of the pulp: crisp, fleshy, muscilaginous, or juicy; 2) Taste: neutral, special, muscat or foxy; 3) Format of the bunches: cylindrical, cylindrical winged or cone; 4) Format of the berries: ovoid, globose or elliptical; 5) Color: Black, red, green or green-yellow.
Statistical analysis was performed using the software Genes 2007.0.0 (CRUZ, 2008) . To carry out the multivariate analysis, the genetic distances between all pairs of accessions were obtained using the mean Euclidean distance as a measure of the dissimilarity for the quantitative variables and the index of dissimilarity for the discrete variables. Cluster analysis was performed by Tocher's optimization GENETIC DIVERSITY OF A BRAZILIAN WINE GRAPE GERMPLASM ... procedure. Diversity was also analyzed using the method of principal components. The relative importance of characters, used in the discrimination of clusters, was assessed at the discretion of the weight variables in eigenvectors. The eigenvectors and eigenvalues were obtained from the correlation matrix of standardized data of original values. The variables with higher weights were considered of minor importance, since the last eigenvector was associated with an eigenvalue greater than 0.70 (CRUZ et al., 2004) .
RESULTS AND DISCUSSION

Morphoagronomic traits of continuous variables
The means of each cultivar and, average, maximum and minimum per group, according to the method of Tocher, for nine morpho-agronomic traits studied are shown in Table 2 . Cluster analysis using the Tocher's optimization procedure allowed the formation of 12 groups (Table 3) . Group 1 was composed by 41 accessions (62%), showing a small variability between wine grape cultivars in the Grape Germplasm Bank. Very different cultivars based on aspects such as genealogy, geographic origin and enological potential, were included in this group. Ninety percent of cultivars are Vitis vinifera L., however, interspecific hybrids, such as 'Mars' and 'Tampa' of the University of Arkanzas and 'Moscato Embrapa' and 'BRS Rubea' developed by Embrapa Uva e Vinho, belonged to the same group. Boseli et al. (2000) evaluated 11 cultivars of white wine grapes in the region of the Campaign in Italy, through clustering analysis and principal components based on 29 leaf measures. They observed the formation of four groups, in the group composed by the cultivars 'Asprinio', 'Falanghina di Benevento' and 'Greco di Tufo' there were significant differences in the wine characteristics, but the cultivars were similar in leaf morphology, suggesting a common phylogenetic origin.
The maximum distance (d = 3.07) was observed between 'Müller Thurgau' (group 5) and 'Barbera' (group 1), while the minimum (d = 0.24) was obtained between 'Regner' and 'Romania', both in group 1. The selection of parents for hibridization in a breeding program should consider not only the genetic divergence among accessions, but also their agronomic performance and characteristics.
The group 12, represented by 'BRS Lorena', had the longer phenological cycle, 138 days, while 'Siegerrebe' in group 9, was the earliest cultivar, harvested 87 days after pruning. Group 4 stood out for its higher average production per plant and group 5 for presenting larger bunches (weight, length and width), and soluble solids content (TSS). 'Pedro Ximenez' in group 11 and 'Campanario' in group 7 showed respectively the highest and lowest value for total acidity. On the other hand, the best TSS / TTA ratio was observed in group 4.
The principal component analysis showed that four components are necessary to explain 84.12% of the total variation and was used to plot the accessions in the three-dimensional space ( Figure  1 ). The principal component 1 explained 36.67% of the total variance, associated with bunches size characteristics (weight, length and width). The component 2, representing 18.66% of the variance, was associated with the chemical characteristics of the grape (TSS/TTA, TTA and TSS). The component 3, explaining 15.99% of the variance was correlated with the yield (number of bunches and yield per plant). Finally, the main component 4, explaining 12.79% of the total variance was correlated with the bunches maturation, because the highest scores were obtained for the duration of the phenological cycle, TSS/TTA, TTA and TSS. Fatahi et al. (2004) analyzed 90 grape varieties using principal components found that seven components were needed to explain 81% of the total variance, with the first factor was related to the berry characteristics and the second factor was associated with bunches characteristics. Looking at Table 4 , it is possible to identify the variables of greatest weight in the last eigenvectors. However, the highest score in the last eigenvector was higher than 0.70, associated with the characteristic bunches weight, indicating that no trait can be discarded. Borges et al. (2008) obtained eight groups of seeded grape cultivars and one group of seedless grape cultivars by principal componentes in the same germplasm collection. They observed an agreement between the most divergent accessions of seeded and seedless table grapes cultivars by two multivariate methods: principal components and the mean Euclidean distance. Table 5 showed the existence of positive and significant correlation between different morpho-agronomic traits; however the Pearson's correlation coefficients were very low. The correlation between yield per plant and total acidity was high and positive (r = 0.88), indicating that the higher the yield, the greater the acidity of the berry. Fatahi et al. (2004) obtained a negative correlation between yield per plant and content of soluble solids.
The evaluation of a great number of characters, especially those related to the wine enological characteristics, such as anthocyanins, polyphenols, tannins among others, is necessary not only for a bet-between accessions of the specie Vitis vinifera and hybrids, which was not observed in the evaluation of continuous variation traits. According to Martinello et al. (2002) , this occurs mainly because the quality characteristics are controlled by few genes and thus are little affected by the environment.
The results of multivariate analysis showed little variation among accessions of wine grape in the Germplasm Bank of Embrapa Semiarid. This can be explained because that collection was composed mainly by classic and traditional cultivars in the international wine market. According to This et al. (2006) , there was a significant reduction in genetic diversity of grapevines in the last 50 years as a consequence of the globalization of wine companies and markets, which limited the cultivars to a small number, leading to the disappearance of old local varieties or landraces.
ter differentiation of the groups, but also to provide a more complete set of information for the selection of parents based on their phenotypic characteristics.
Morpho-agronomic traits of discrete variables
Cluster analysis by the Tocher's optimization procedure based on five discrete variables resulted in the formation of 8 groups (Table 6 ). Forty-eight accessions (72.7%) were concentrated in group 1, which included the main wine grape cultivars of the Sub Middle São Francisco River basin, such as, 'Cabernet Sauvignon', 'Syrah', 'Chenin Blanc', 'Tannat', 'Ruby Cabernet', among others. Although the groups based on discrete variables are different from those based on quantitative variables, there was a coincidence of 69% of accessions in group 1. The group 1 was composed exclusively by cultivars of Vitis vinifera, the hybrids are all separated into distinct groups. The clustering based on morphoagronomic discrete variables allowed the separation -0.68** (**) e (*) significant at 1 and 5% of probability, respectively, by the t test. 
CONCLUSIONS
1-The multivariate statistics to study genetic diversity applied to continuous variable traits (Tocher's optimization procedure and principal components) were consistent with each other.
2-There was no correlation between the formation of the groups using continuous and discrete variables.
3-There is little genetic variability between wine grape accessions in the Grape Germplasm Bank of Embrapa Semi-Arid.
4-Cluster analysis based on morphoagronomic traits resulted in the separation of accessions according to common phenotypic traits.
